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ABSTRACT 
Serum albumin is the most plentiful protein found in 
the plasma. It consists of a single polypeptide chain. The 
protein molecule is organized into three structural domains 
of nearly equal size. Albumin is highly flexible and 
undergoes subtle conformational changes with changes in the 
surrounding medium. Albumin binds a variety of different 
compounds. This binding is believed to effect the stability 
of the albumin molecule towards various types of protein 
denaturants. One such example is stabilization of albumin 
towards heat denaturation upon binding with fatty acids. The 
denaturation of albumin by chemical denaturants such as urea 
and guanidine hydrochloride has been studied by several 
workers using different techniques but in these studies the 
variable amount of fatty acid present in commercial 
preparations has not been taken into account. This is 
probably one of the reasons of interIaboratory differences 
in the denaturation behaviour of albumin. In this 
dissertation urea induced denaturation of defatted albumin 
and albumin containing six moles of palmitic acid per mole 
of albumin has been described. 
The defatted albumin and albumin containing six trio 1 es 
of palmitic acid per mole of albumin (fatted albumin* W^TB 
prepared by standard procedures. Both of these pr epa r?« t i ons 
were found to be pure by gel f ilteration on sephacryl S-30'" 
11 
column and by poIyacry1 amide gel electrophoresis at pH 8.2, 
Both of these preparations appear to have identical 
hydrodynamic volume, within experimental error, as judged 
from the Ve/Vo ratio obtained on a calibrated S-300 column 
at pH 7.0. The denaturation of both of these preparations 
was studied between 0 to 9M urea in O.OIM tris HC1 buffer, 
pH 8.0, by using techniques of UV difference spectroscopy 
and fluorescence spectroscopy. The defatted albumin 
apparently undergoes three state denaturation with the 
intermediate state occurring at 4-A.8M urea concentration 
and its midpoints of first and second transition occurring 
at 4.3M and 6.7M urea concentrations as measured by UV 
difference spectroscopy Fatted albumin on the other hand 
apparently undergoes a two state transition with the 
transition midpoint occurring at 7.1M urea concentration. 
The results obtained suggest that one of the domains of 
albumin presumably domain three is stabilized by binding 
with fatty acids. 
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INTRODUCTION 
General : 
Serum albumin is the most abundant protein in the 
extracellular fluid. The concentration in human plasma is 
about 0.6mM whereas in the interstitial fluids it varies in 
different tissues between 0.2 - 0.5mM (Rothschild et al., 
1988). The distribution of albumin in different tissues of 
human body is given in Table I. 
Albumin is synthesized in the liver as preproa1bumin at 
the rate of 1 mg/g liver/hour in both human and rat (Peters, 
1985). Preproalbumin contains a signal sequence of eighteen 
amino acids (Strauss et al., 1977; MacGillvery et al., 1979; 
Schafritz, 1979). This signal sequence is cleaved after the 
protein enters the endoplasmic reticulum leading to the 
formation of proalbumin. Removal of the hexapeptide (Arg-
G1y-Va1-Phe-Arg-Arg) converts proalbumin into biologically 
act i ve a 1bumi n. 
Albumin binds a plethora of different compounds 
including inorganic ions and a multitude of metabolites, 
hormones and drugs (Peters, 1985). Binding of bilirubin with 
albumin renders it nontoxic. Among the wide variety of 
functions associated with albumin are :-
i) its use as a stabilizer 
ii) as source of nutrition in cell cultures 
iii) as sequester for lipophillic compounds 
iv) as a reference standard in the assay of proteins 
TABLE - I 
DISTRIBUTION OF ALBUMIN IN THE HUMAN BODY* 
Amount Amount 
Tissue (g/70 Kg man > 'g^ 'Kg of organ) 
Blood 140.0 24,0 
Muscle 50,0 2.3 
Skin 40,0 7.7 
Liver 2.0 1.4 
Gut 8,0 5,0 
Other tissues 110,0 3,0 
Total 350,0 
* Estimated from isotopic and immunochemical data 
(Rothschild et al,, 1955; Katz et al,, 1970). 
v) as a model for studying the physiochemicaI properties of 
proteins 
vi) as a model antigen, and 
vii) as carrier for haptenic molecules. 
Commercially albumin is prepared by ethanol 
fractionation method developed by Cohn and his colleagues 
(1946). There are several other procedures for the isolation 
and purification of albumin. Many of these procedures are 
based on precipitation of albumin with compounds like 
dextran sulfate (flckernan and Rickets, 1960) Rivanol (Klador 
et al., 1961), polyethylene glycol (Gambal, 1971) poly-
phosphates (Nitschmann et al,, 1956) and ammonium sulfate 
(Tayyab and Qasim, 1990). More recent methods of isolation 
are based on affinity systems using ligands such as 
palmitate (Peters et al., 1973) bilirubin (Hieroski and 
Brodersen, 197A) blue dextran 2000 (Travis and Pannel, 1973) 
and cibacron blue (Ghiggeri and Queirolo, 1985). 
Physioohemica[ Properties : 
The physical properties of bovine serum albumin (BSA) 
are shown in Table II. Molecular weight of albumin has been 
found to vary between 65,000-69,000 (Baldwin, 1957; Squire 
et al.,1968; Tanford, 1968 and Andrews, 1970). The shape of 
albumin molecule has been studied by a number of techniques 
viz., dielectric dispersion, low angle X-ray scattering, 
TABLE - I I 
PHYSIOCHEMICAL PROPERTIES OF BOVINE SERUM ALBUMIN 
PROPERTY VALUE REFERENCE 
MOLECULAR WEIGHT 
(a) From composition 
(b) From physical data 
SEDIMENTATION, CONSTANT 
S20;W >^ 10 
(a) monmoner 
< b) d imer 
DIFFUSION, CONSTANT 
D20,U X 10^ 
PARTIAL SPECIFIC VOLUME 
V2O 
INTRINSIC VISCOSITY \ 
66,267 
69,000 
4.5 
6.7 
5. 9 
0.733 
0.041 
OVERALL DIMENSIONS A" 41.6 x 140.9 
REFRACTIVE INDEX 
INCREMENT 578 nm x 10 
ISOELECTRIC POINT 
ISOIONIC POINT 
OPTICAL ABSORBANCE 
279 nm 1 g, 1itre 
MEAN RESIDUE ELIPTICITY 
<e) 209 nm 
(0) 222nm 
HELICAL CONTENT % 
PLEATED SHEET % 
1. 90 
4. 7 
5.3 
0.667 
20. 1 
20. 1 
54 
18 
Brown and Shockley (1982) 
Tanford <196e) 
Squire et al (1966) 
Squire et al (1968) 
Wagner and Scharaga(1956) 
Hunter (1966) 
McMillan (1974) 
Wright and Thompson (1975) 
Perlmann and Longsworth 
(1948) 
Peters (1975) 
Foster (1960) 
Janatova et al (1966) 
Noel and Hunter (1972) 
Noel and Hunter (1972) 
Sogami and Foster (1968) 
Reed et al ( 1975) 
electric birefringence, electron microscopy and gedi-
mentation equilibrium. From different observations it is 
inferred that three structural domains in albumin molecule 
are arranged in a linear fashion like three tennis balls in 
a cylindrical can (Anderson and Weber, 1969). 
Albumin is one of the few secretory proteins which lack 
carbohydrate. It is characterized by low content of 
tryptophan and methionine and high content of cystiene and 
charged amino acids like aspartic acid, glutamic acid, 
lysine and arginine. Glycine and isoleucine contents are 
lower than in average proteins. The presence of about 185 
charges at pH 7,0 aid to its solubility properties. The 
overall net charge at pH 7,0 is -16, 
The most significant feature of albumin is its 
organization into three domains (Brown, 1975, 1977), These 
correspond to residues 1-190, 191-382 and 383-582 (Brown, 
1976). The primary structure of albumin is shown in Fig. 1. 
Each domain is further subdivided into two large and a smal1 
double loop structure. As such albumin contains sin large 
and three small double loops. All three domains have several 
(5-6) intrachain disulfide bonds. None of the disulfide bond 
is available to reducing agents but they become 
progressively available as the pH is raised or lowered 
(katchalski et al,, 1957). There is 18-25H structural 
identity between the three domains (Brown, 1976/. An 
Amino acid sequence of bovine serum albumin (Brown 
and Shockley, 1982). Position of disulfide bonds 
are shown by [ i^ ] Numbers 1-9 indicate the nine 
double loops of the protein molecule. 
< 
o 
Q 
CJ 
< 
O 
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< 
o 
o 
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AMINO ACID SEQUENCE OF BOVINE SERUM ALBUMIN 
Interesting observation made by Brown (1976) was 
the occurance of invariant proline residues in the middle of 
the sequence enclosed by disulfide bonds in all the large 
loops. It was suggested that the sequence enclosed by a 
disulfide bond in the large loop primarily contains alpha 
helical structure and its continuation is broken by 
invariant proline residues in the middle of the sequence. 
Thus each loop may be considered to be composed of two alpha 
helical structures of about twenty two amino acid residues 
which are joined by hairpin like structure at the tip of the 
loop. In addition to two helical structures the segment 
joining the large loop to the small loop plus a portion of 
the sraal1 loop has also been proposed to exist in the form 
of the helical structure of the same size as the other two 
he 1 ices, 
Most of the information about the tertiary structure of 
the albumin is based upon the data obtained from 
conventional techniques because X-ray crystallography has 
not been possible so far despite several attempts 
(McPherson, 1976; Rao et al., 1976). Optical rotation and 
Raman spectral studies have shown that a little over 50% is 
present in alpha helical form and 16% beta pleated sheet 
(Sjoholm and Ljungstedt 1973; Reed et al., 1975; Foster, 
1977). These values are in good agreement with H2 - exchange 
(Benson et al,, 1963) and theoretically predicted values of 
alpha helix from its amino acid sequence. 
Ligand Binding Properties : 
Serum albumin is capable of binding a broad spectrum of 
ligands (Peters, 1985). These include inorganic ions like 
+ + ++ ++ ++ +-f +4 ++ 4+ 4+ 444 
Ca , Cu , Ni , Zn , Mn , Co , Cd , Hg , Au , Al , 
a variety of organic compounds, drugs and hormones. Albumin 
binds some of the physiologically important ligands like 
bilirubin (Broderson, 1979) and fatty acids (Spector, 1975). 
Many organic dyes also bind albumin. These include methyl 
red (Rodkey, 1961) bromocresol green (Rodkey, 1964) 
bromophenol blue (Tayyab and Qasim, 1990). Other 
biologically important ligands which bind to albumin are 
tryptophan (Canningham et al., 1975) folate (Soliman and 
Olesson, 1976) catecholamines (Powis, 1974) lysolecithin 
(Nakagawa and Nishida, 1973) and prostaglandins (Hamberg and 
Fredholra, 1976). The role of albumin in Pharmacokinetic 
distribution of drugs has been studied by a number of 
workers (Kragh-Hansen 1981). 
The most studied binding sites on albumin are those of 
fatty acids and bilirubin. Both of these ligands are 
physiologically important and are transported in the form of 
complex with albumin in the blood circulation. Interaction 
of bilirubin and fatty acids has been studied at the 
molecular level by several workers. It is believed that 
serum albumin contains six strong binding sites for fatty 
acids (Spector, 1975; Berde et al., 1979). Out of the six 
binding sites two are strong whereas other four are 
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relatively weak, A schematic representation of human serum 
albumin showing the binding site of cis-parinaric acid and 
its relationship with that of bilirubin binding site is 
shown in Fig. 2, 
NMR studies of Cistola et al (1987a) suggest that there 
are two types of binding sites. The first class represents 
higher affinity binding sites whereas second ones are of 
lower affinity. In general affinity of fatty acids has been 
found to increase with increase in chain length. It is clear 
from Table IJI that stearate binds more strongly than 
palmitate and oleate with a single cis-olefinic bond binds 
more strongly than stearate. However, linoleate with two 
double bonds binds less strongly (Spector, 1975; Spector and 
Fletcher, 1978) suggesting that binding also depends upon 
level of unsaturation. When BSA is bound to palmitoyl 
agarose and then digested with trypsin the remaining portion 
in its intact form is the domain 111. This fragment shows 
native structure by circular dichroism and a strong binding 
site for palmitate that is well defined by its Scatchard 
plot (Reed et al., 1975). This site represents the primary 
binding site. Fragment 307-582 of albumin has been found to 
contain two strong binding sites whereas fragment 377-582 
shows only one. This suggested that second binding site lies 
between domain II and 111. Reed et al (1975) found 
moderately strong binding sites for palmitate in the 
isolated fragments from N-terminal end. Later Brown and 
11 
BILIRUBIN 
M V M ^ ' P ' - ^ ^ P M M V 
o^^iji'^iXy^i-
Fig.2: A schematic representation for the Binding site of 
cis-Parinaric aicd and its relationship with that of 
bilirubin binding site in HSA (taken from Berde et 
al., 1979). 
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Table III 
Association constants for fatty acid binding 
to human plasna albumin 
Bind 
1. 
2, 
3. 
4, 
5. 
ing 
Myr is tate 
2. 1x10^ 
6.4x10^ 
2.7x10^ 
1.0x10^ 
8.1x10^ 
Pa Imitate 
6.2x10^ 
2,3x10^ 
1.2x10^ 
3,1x10^ 
1.5x10^ 
Ki 
S tearate 
1,5x10® 
5,3x10^ 
1,9x10^ 
5,6x10^ 
4.5x10^ 
0 I eate 
2,6x10® 
9.4x10''' 
2,9x10^ 
2, 1x10^ 
1. 1x10^ 
Linoleate 
7.9x10^ 
8, 7x10*^ 
5, IxlO 
3, iKlO^ 
6.8x10^ 
» Taken from Spector (1975> 
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Shockley (1982) observed that high affinity labelling of 
Histidine 145 by N-dansyl aziridine is blocked by long chain 
fatty acids. These results localized the third site in loops 
two and three. The effect of binding of the excess of 
palmitate and parinarafce ligands on bilirubin (Reed, 1977; 
Sklar et al., 19771 binding as well as on the quenching of 
fluorescence of tryptophan 214 (Spector and Fletcher, 197S) 
led to the proposal that fourth binding site is situated in 
domain I I , 
A cluster of basic residues in the hydrophobic channels 
of the I and 11 binding sites provide condidates for ionic 
bonds for fatty acid binding (Cistola et al., 1987b). 
Studies with nitroxide spin labelled reporter groups at 
position C5, C Q , ^12 ^^^ ^16 showed that central part of 
fatty acid chain is held most rigidly and the ends of the 
fatty acids are free to move (Morrisett et al., 1975). 
Esterification has been found to cause no change in the 
mobility of the reporter group at C3 indicating that ionic 
bonding with carboKylate is a minor factor. 
Dielectric relaxation studies have shown that binding 
of oleate to albumin occurs in two distinct steps (Scheider, 
1980). The first step involves a rapid ( < 1 m sec) loose 
attachment of fatty acid to the surface of the albumin 
molecule. After every 0,>3 seconds a hydrophobic pocket opens 
allowing the hydrophobic portion to gain excess to the 
14 
interior of the protein. This entropy driven step is 
accompanied by enthalpic formation of an ionic bond between 
the carboxyl part of the fatty acid and a cationic amino 
acid side chain. Thermodynamic parameters for the binding of 
laurate and myristate are shown in Table IV. 
Binding of the first two fatty acids appears to be most 
important for physiological transport and structural 
stability of the albumin molecule. Changes in dielectric 
properties and viscosity indicates that ellipsoid shape of 
the albumin molecule to become rounded. The axial ratio 
falls from 3.4 to 2,2 and a K b axes change from 34 x 141A'' 
to 40 x laiA" (Soetewey et al., 1972), The rounded compact 
form is correlated with the increase in stability against 
cleavage by proteases and denaturation by heat (Klapper and 
Cann, 1964; Yu and Finlayson, 1984), This conformational 
change appears to be due to tighter folding of the C 
terminal of the molecule, (Hilak et al,, 1974). 
15 
TABLE IV 
THERMODYNAMIC PARAMETERS FOR THE BINDING OF LAURATE AND 
MYRISTATE TO HUMAN SERUM ALBUMIN* 
T S' 
FATTY ACID 
K J mo 1 
Laurate -48 -41 -7.0 
Myristate -47 -45 -2.4 
« Taken from Pederson et al (1990) 
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Structural Perturbation and Denaturation : 
The three dimensional structure of albumin is sensitive 
to pH, temperature and various denahurants, pH dependent 
conformational changes in albumin have been studied quite 
extensively since late 1950's (Foster, I960; Leonard et al., 
1963; Sogami and Foster, 1968) Between pH 5,0 and 7,0 
albumin exists in its native state (N form). When pH is 
lowered to 3,5 albumin undergoes a conformational change 
from N state to F state <F for fast moving). This change is 
cal led as N > F transition and has been studied by various 
workers (Herskovits and Laskowski, 1962; Hilak et al,, 
1974), When pH is decreased further albumin molecule becomes 
uncoiled within the limits of its disulfide bonds. This 
state is termed as expanded (E) form. Two more isomeric 
forms have been reported in the alkaline region. Increase in 
pH from seven to nine leads to the formation of basic (B) 
form. Treatment of albumin solution at pH 9,0 at 3''C for 
three to four days converts it into another isomeric form 
called as 'A' (A for aged) form. This isomerization can be 
prevented by blocking the free sulfahydryl group of the 
protein thereby suggesting that disulfide interchange 
reaction is probably involved in this transition. 
The denaturation of albumins (BSA or HSA) both by urea 
and guanidine hydrochloride has been studied earlier on 
several occasions using the techniques of optical rotation 
(Wellevik, 1973) uv absorption spectroscopy and fluorescence 
17 
spectroscopy (Khan et ai., 1987). Tho denaturation process 
appears to be reversible but is compleK. There are 
interIaboratory differences in the denaturation profiles. 
One of the reason for these inter Iaboratory differences in 
denaturation profiles is due to the fact that denaturation 
profile have been studied by different techniques and is 
probably not a simple two state process (Wellevik, 1973; 
Khan et al., 1987). In addition to this in most of the 
denaturation studies the contribution of noncova1ent1y 
associated ligands has not been taken into account. For 
instance, commercial albumin preparations contain variable 
content ( 0 to 1 mole of fatty acid per mole of albumin) of 
fatty acids. Since binding of fatty acids is believed to 
stabilize the native state of albumin (Boyer et al,, 1946a, 
194*6b; Shrake et al., 1984a and 1984b) the content of bound 
fatty acids would be expected to effect the denaturation 
profile of albumin. In a series of recent investigations on 
heat denaturation of albumin the role of fatty acids in the 
heat induced denaturation of albumin has been clearly 
emphasized (Shrake and Ross, 1988a, 1988b and 1990). In 
those investigations it is propsosed that fatty acids 
saturated preparation has a Tm of 78°C whereas defatted 
albumin has a Tm of 60°C In view of the discrepancies in 
urea and guanidine hydrochloride denaturation results, I 
have performed denaturation studies on a carefully defatted 
BSA containing siK moles of palmitic acid per mole of 
18 
albumin by the techniques of uv difference absorption 
spectroscopy and fluorescence spectroscopy. The results 
obtained suggest that binding of fatty acid to albumin 
stabilizes one of the domains of BSA. 
FUTURE PLAN : 
The results described in this dissertation clearly show 
stabilization of BSA or one of its domains towards urea 
denaturation upon interaction with fatty acids. However, the 
studies described are preliminary and several questions 
remain unanswered. In my future studies I plan to perform 
more detailed studies on the role of fatty acids on the 
stability of BSA with special reference to its domain 
stability in the presence and absence of fatty acids. 
Broadly, the first part of my future studies would consist 
of studying the effect of chain length, level of 
unsaturation and number of fatty acids bound per mole of 
albumin towards its stability. In the second part 1 plan to 
investigate the stability of isolated domains (prepared by 
controlled proteolysis or by chemical methods) in presence 
and absence of fatty acids to investigate the effect of 
fatty acid binding on the stability. 
EXPERIMENTAL 
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Materials And Methods 
The list of chemicals used in this study is given in 
Table V : 
1. pH Measurenents : pH measurements were carried out on 
an Elico pH meter, model L 1-10 T using Elico cooibined 
glass electrode type CL 51. The least count of the pH 
meter was 0.05 pH unit. Before any pH measurements, 
the pH meter was calibrated by using standard buffer 
solution of pH 4.0 for pH measurement in the acidic pH 
range and by standard buffer solution of pH 7.0 and 9.2 
for pH measurements at neutral and alkaline pH values 
respecti ve1y. 
2. Optical neasurements: Shimadzu double beam spectro-
photometer model uv-150-02, was used for measuring the 
absorbance in the ultraviolet as well as in the visible 
region using matched silica cells of one cm path 
length. Fluorescence measurements were performed on a 
Shimadzu spectrof1uorophotometer model RF-540, equipped 
with a data recorder, model, DR 3. Silica cuvette of 
one cm path length was used for fluorescence 
measurements. 
3. Determination of protein concentration: Protein 
concentration was determined either by the method of 
21 
Table V 
LIST OF MATERIALS AHD CHEMICALS 
S,No. MATERIALS SPECIFICATION SOURCE 
1. Acetic acid 
2. Acrylaraide 
L R GlaKo, Bombay 
Sisoo, Bombay 
3. 
4, 
Am idoschwarz 
Ammonium 
persuIphate 
Blue dextran 
Batch No, 
422158 
E. MERCK, Germany 
Sisco, Bombay 
V.P.Chest, Delhi 
6. 
7. 
8. 
9. 
Bromine 
Bromophenol 
blue 
Buffer 
tablets 
Charcoal 
Batch No. 
2ill61 
pH 4.0,7.0 
and 9.2 
G R 
Pfizer, Bombay 
PPH, Poland 
G1axo, Bombay 
Sarabhai M. ch 
10, chloroform A R 
Baroda 
Glaxo, Bombay 
11. Dimethyl-
d ich1oro-
s i1ane 
so 1ut ion 
12. Ethanol 
L R BDH,England 
Chemically pure 
13. Ethy1ene 
d iamine 
tetra-acetic 
acid disodium 
salt 
14. Glycine 
L R 
L R 
BDH, Bombay 
BDH, Bomaby 
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S.No. MATERIALS SPECIFICATION SOURCE 
15. Hydrochloric L R Glaxo, Bombay 
acid 
16. Lithium L R BDH, Bombay 
sulphate 
17. Methanol L R Glaxo, Bombay 
18. Millipore Lot No. Millipore Corp., USA 
filter <.65)im) OQJ 97354 
19. N,N'-Methy1ene Budapest, Hungary 
bisacry1 amide 
20. N,N,N',N,'- L R BDH, England 
tetramethy1 
1,2-diamino 
Ethane (TEMED) 
21. Ortho- L R Glaxo, Bombay 
phosphoric 
acid 
22. Potassium A R Glaxo, Bombay 
dIchromate 
23. Potassium L R BDH, Bombay 
permanganate 
24. Palmitic Johnson laboratories, 
acid Bombay 
25. Riboflavin Batch No. E.MERCK, Germany 
K 42108 
26. Sephacryl Lot No. Sigma chemicals Co., 
S-300 61F-0386 U.S.A. 
27. Sodium Lot.No. Fisher Scientific Co., 
azide 780732 U.S.A. 
28. Sodium L R Sarabhai M. chemicals, 
carbonate Baroda 
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S.No, MATERIALS SPECIFICATION SOURCE 
29, 
30. 
31. 
32, 
33. 
34. 
35. 
36. 
37, 
Sod ium 
hydrox ids 
Sod ium 
molybdate 
Sodium 
phosphate-
d ibasic 
Sodium 
phosphate-
monobas ic 
Sodium 
potass ium 
tartarate 
Sod ium 
tungstate 
Sol id glass 
beads 
Sucrose 
Sulphur ic 
acid 
L R 
L R 
L R 
L R 
L R 
L R 
5 mm 
dia. 
L R 
L R 
Glaxo, Bombay 
Burgoyne, India 
Sarabhai M. chemicals, 
Baroda 
Sarabhai M. chemicals, 
Baroda 
Glaxo, Bombay 
Glaxo, Bombay 
Kimble Resistant glass, 
U.S.A. 
Glaxo, Bombay 
Glaxo, Bombay 
38. Tris(hydroxy-
raethylamino-
methane) 
Spectrochem, Bombay 
39. Urea A R Glaxo, Bombay 
40. Whatman 
Fi1ter paper 
(12.5 cm dia. ) 
No. 1 Whatman Ltd., England 
All glass distilled water was used throughout this study. 
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Lowry et al (1951) using bovine serum albumin (BSA) as 
standard or by spectrophotometric method, 
(a) Method of Lowry ot al: Protein estimation by the method 
of Lowry et al (1951) requires two reagents namely 
copper reagent and folin-phenol reagent which were 
prepared in the laboratory by the standard procedure. 
The folin-phenol reagent was prepared by the method of 
Folin and Ciocalteu (1927). The reagent was diluted 
four fold before use. Copper reagent was prepared by 
mixing 4X (W/v) sodium carbonate , 4% (W/v) sodium 
potassium tartarate and 2%(w/v) copper sulphate in a 100 
: 1 : 1 ratio. 
For protein estimation an appropiate volume of protein 
solution was mixed with 5 ml of freshly prepared copper 
reagent. After ten minutes one ml of folin-phenol 
reagent was added and the contents were mixed well. 
Colour intensity was read after thirty minutes at 
700nm, against a blank which was prepared in the same 
way as sample solution except that it contained buffer 
or distilled water in place of protein solution. 
Quantitation of proteins by the method of Lowry et al 
(1951) was performed by using a calibration curve of 
BSA. Calibration plot was obtained by plotting 
absorbance values at TOOnm against the amount of BSA. 
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The data were analyzed by the method of least squares 
analysis and gave the following straight line equation: 
Y = 2. 12 {K) + O.OIA {1 ) 
Where Y is the absorance and x is the protein 
concentration in mg/ml. 
The standard plot is shown in Fig,3. 
<b) Protein concentration by uv method : Protein concentra-
tion determination of BSA by uv method was based on 
the measurement of absorbance at 279nm. The atasorbance 
values were converted into concentration by using a 
iX 
specific extinction coefficient E^^^, of 6.67 for BSA 
(Janatova et al., 1968), Scattering corrections when 
needed were done by extrapolating absorbance values of 
protein solution in the 330-360nm region to 279nm and 
subtracting it from the absorbance at 279nm, 
4. Gel Chromatography: Gel Chromatography was performed on 
a sephacryl S-300 column (44 x 1.76cms) equilibrated 
with 0.06M sodium phosphate buffer, pH 7.0, 
Protein samples prepared in the operating buffer were 
carefully applied on the top of the gel bed with the 
help of an applicator. The size of the protein samples 
was about i% of the total volume of the column. Eiution 
was performed at a flow rate of 30ml/hour. The effluent 
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Fig.3: Standard plot of BSA for determination of protein 
concentration by the method o£ Lowry et aL (1951). 
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was collected in the form of 2ml fractions. For protein 
samples the column was usually monitored by the method 
of Lowry et al (1951). 
The homogeneity of the column was checked by passing a 
band of 0.15gX solution of blue dextran through the 
column. The elution volume of blue dextran was taken to 
represent the void volume (Vg) of the column. 
PolyacryI amide gel oloctrophorosis: Po1yacry1 amide gel 
electrophoresis was performed in tris-glycine buffer, 
pH 6.2, according to the method of Davis (1964). 
The gel tubes (10 x 0.4cms) were washed with detergent 
solution, chromic acid and then with water. After 
drying the tubes were siliconized with a solution of 5% 
(V/V) dichlorodimethy1si1ane in chloroform. 
A small pore solution containing 7% (W/V) acrylamide, 
0.18X(W/V) N,N'-methylene bisacry1 amide, 0.04%(V/V) 
N,N,N',N'-tetramethy1 ethylene diamine , 0.07X(W/V) 
ammonium persulphate and 4.57X(W/V) tris 
(hydroxyethy1aminomethane) was prepared . To each tube 
2 ml of small pore solution was added and the surface 
of small pore solution was carefully layered with few 
drops of water. After thirty minutes of polymerization 
at room temperature water was removed by inverting the 
tubes. Traces of water were carefully removed by the 
use of small strips of filter paper. Then 0.2ml of 
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large pore solution containing 2.5%{W/V) N,H'-
msthylene bisacry1 amide , 0.062% (V/V) N,H,N',N'-
tetramethyl ethylene diamine, 0.005X(W/V) riboflavin , 
6%{V/V) of IN hydrochloric acid, 0,75%(W/V) 
tris(hydroxy methyl am i nomethane) and 209* (W/V) sucrose 
was poured in each tube. Then few drops of water were 
layered on the top of the large pore solution. The 
large pore solution was photopo1ymerized under 
fluorescent light for ten to fifteen minutes. After 
polymerization the water layer was removed and the 
surface of each gel was rinsed with sample buffer. 
For the sample preparation 25-85 jig protein was taken 
in about 0,1ml of buffer containing 20mg of sucrose. 
The gel tubes were fitted in a Scientronic 
electrophoresis assembly. About 0,1 ml of the sample 
solution was applied and empty space in the tube was 
filled with electrophoresis buffer. Few drops of a 
0.01% W/V) bromophenol blue solution were added in the 
upper chamber and then buffer was added in a volume 
such that gel tubes were completely dipped. An anodic 
current of about 2mA per tube was passed til I 
bromophenol blue front entered the large pore gel. 
Thereafter current was increased to 4mA per tube. The 
electrophoresis was continued till the bromophenol blue 
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front had migrated to nearly three fourth of the gel 
length. The time taken in electrophoresis was two to 
three hours. After electrophoresis gels were taken out 
from gel tubes and stained for one hour in 1%(W/V) 
araidoschwarz prepared in 7% (V/V) acetic acid. 
Destaining was performed mechanically with 7?MV/V) 
acetic acid at 37 ">C. The relative mobility was 
obtained by dividing the distance travelled by protein 
band with that of the tracking dye (taromophenol blue). 
Preparation of defatted bovine serun albumin : Defatted 
BSA was prepared according to the method of Chen 
(1967). One gram of BSA was dissolved in ten ml of 
distilled water at room temperature, 0.5gra of charcoal 
was added to the protein solution and the pM was 
lowered to 3,0 by the addition of requiste amount of 
0,2N hydrochloric acid. The solution was then placed in 
an ice bath and stirred on a magnetic stirrer for one 
hour. Charcoal was then removed by centrifugation at 
12,000 rpra for thirty minutes in a Remi R 24 
centrifuge. The protein solution was then brought to pH 
7.0 by the addition of 0,2 N sodium hydroxide solution. 
Traces of charcoal particles and/or turbidity were 
finally removed by passing the protein solution through 
a millipore filter. 
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7, Preparation of bovine serum albu»in-fatty acid 
complex ; Bovine serum albumin fatty acid complex 
(fatted albumin) was prepared by mixing the protein and 
palmitic acid in 1:6 molar ratio as described by 
Brodersen et al (1988). In a typical experiment a 333iaM 
solution of BSA was prepared in distilled water and the 
pH was adjusted to 9.0 by the addition of 0.2N sodium 
hydroxide. To 50ml of magnetically stirred BSA 1ml of 
102mM palmitic acid (in ethanol) was slowly added. The 
mixture was stirred for thirty minutes after which 
fatted albumin was filtered through millipore filter 
and stored at 4''C in presence of 0.02* sodium azide. 
6. Ultraviolet difference spectral •eaEurements: For 
difference spectral measurements protein and blank 
solutions were prepared in 5ml standard flask. 
Following four solutions were prepared : 
i) protein solution in O.OIM tris HCl buffer, pH 8.0 
ii) protein solution in O.OIM tris HCl buffer containing 
9M urea 
iii) O.OIM tris HCl buffer, pH 8.0 
iv) 9M urea in O.OIM tris HCl buffer, pH 8.0 
Extreme care was taken to ensure that solution (i) and 
(ii) contained identical amount of protein. 
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Spectra of all the solutions was read manually from 
240-360nra against air ,The difference spectrum was 
obtained^manua11y subtracting the absorbance values of 
(i) and (iv) from (ii) and (iii) at each wavelength. 
Scattering corrections were performed as described 
ear Iier. 
Fluorescence emission spectral neasurments: 
Fluorescence emission measurement of BSA solutions were 
made in the absence and presence of different 
concentrations of urea by exciting protein solutions at 
282nm. For fluorescence measurements generally the 
following settings were found to be appropiate and were 
used throughout these studies. 
Abscissa scale x 2 
Ordinate scale x 1 
Scan speed very fast 
Sensitivity High 
Emission slit lOnm 
Excitation slit lOnm 
Excitation wavelength 282nm 
Emission start wavelength 270 nm 
Emission end wavelength 450 nm 
Measurements were performed using rectangular cells of 
1cm path length . For all fluorescence measurements the 
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protein concentration was in the range of 0.035 to 
0.048mg/ml, For buffer and urea solutions the only 
significant emission came from the Raman band of 
water. This contribution of water was found to be 
common for all solutions and, therefore, it was not 
taken into account during calculation. 
10. Denaturation studios: Urea induced protein 
denaturation was followed from 0 to lOM urea by uv 
absorbance difference spectroscopy in O.OIM trie HCl 
buffer, pH 8.0. The denaturation was followed by 
measuring absorbance and fluorescence values in the 
wavelength range 287-289nm and 333-335nm respectively . 
For the preparation of stock urea solution urea 
crystals dried over calcium chloride were used. This 
stock solution was used for making denaturation points 
upto 8.5M urea concentration. For denaturation points 
above 8.5M urea concentration, required amount of urea 
crystals were directly added into the protein solution 
and volume was adjusted to required level with buffer. 
Spectral and fluorescence measurements were performed 
after incubating protein solution with urea for sixteen 
hours. Protein concentration was generally 1.5 to 
2.1mg/ml for uv difference spectral measurements and 
0.035 to 0.048 mg/ml for fluorescence measurements. 
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11. Analysis of Denaturation curvos: The denaturation 
data obtained by uv absorption spectroscopy and 
fluorescence measurements were usually plotted in terms 
of fraction denatured (fd) versus denaturant (urea) 
concen trat ion. 
Fraction denatured was calculated using the relation 
Y = YN -f fd (YD - Y N ) 
Y . YN 
fd = <2) 
YD - YN 
Where, Y is the observed parameter at a given urea 
concentration, Y^ and Y Q are the values of that 
parameter in the native and denatured state of the 
protein. The values of Y^ and Yp in the transition zone 
were obtained by linear extrapolation method. 
The equilibrium constant K Q between the native and 
denatured states at a given denaturant concentration 
was calculated with the help of the relation , 
fd 
Kp = (3) 
1 - fd 
The values of K Q thus obtained were then used for the 
calculation of free energy change A G Q using the 
standard relation 
A G D = - R T In K D (4) 
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Uhere R I3 gas constant and was, taken to be 0.002 
KCal. T is the absolute temperature (taken to be 298°K 
for calculations) and in is the natural logrithira. 
The free energy of stabilization in the absence of 
denaturant '^GDH^O ^^^ obtained by linear extrapolation 
of the plot between A G p and denaturant concentration 
to zero denaturant concentration (Tanford, 1968 and 
1970; Pace, 1975 and 1986). 
RESULTS 
AND 
DISCUSSION 
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1. Charactorization of defatted and fatted Bovine uBrum 
atbumin (BSA) preparations :-
Commercial BSA was used as such without any further 
purification throughout this study. The chromatographic 
profile of commercial BSA obtained on Sephacryl S-300 column 
is shown in Fig. 4, It is clear from this figure that the 
preparation is homogeneous on the basis of size. The purity 
of this preparation was also checked by po1yacryI amide gel 
electrophoresis. The e1ectrophoretic pattern is shown in 
Fig. 5, As can be seen from the figure only one major band 
with a relative mobility of 0,77 was obtained indicating 
charge homogeneity. The elution profile on Sephacryl S-300 
column and po1yacry1 amide gel e1ectrophoretic pattern of 
defatted BSA and fatted albumin are shown in Fig 4, It is 
clear that removal of noncovaI ent1y bound fatty acids or 
addition of fatty acids upto 6 moles to defatted BSA has no 
measureable influence either on size exclusion chromato-
graphy or on e1ectrophoretic behaviour of the protein. 
UV absorption spectra of BSA in the presence and 
absence of 9 M urea are shown in Fig. 6. The spectra show a 
characteristic peak at about 279 nm and a trough around 250 
nm. A careful look at these spectra shows a blue shift in 
the BSA spectrum obtained in the presence of 9f1 urea 
consistent with the earlier results (Wetlaufer, 1962; 
Donovan, 1969). This result shows denaturation in BSA in the 
presence of 9f1 urea. The difference spectrum obtained by 
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Fig.4: Chromatographic profiles of blue dextran (A), 
commercial BSA (B), defatted BSA (C) and fatted 
BSA, (D) on Sephacryl S-300 column (44x1.76cm). 
The column was operated at a flow rate of 30 ml/hr 
and 2 ml fractions were collected. Twelve 
milligrams of each protein in 1 ml buffer were 
loadedi 0.06M sodium phosphate buffer,. pH 7.0 was 
used as eluant. The fractions were monitored by 
the method of Lowry et al (1951) excepting blue 
dextran whose colour intensity was read at 625nm. 
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Fig.5 : PolyacryLamide gel electrophoretic patterns of 
commercial BSA (1), defatted BSA (2) and fatted 
BSA (3) on 77o (W/V) gels at pH 8.2. The electrop-
oresis was carried out by applying a current of 
4mA per gel tube. The gels were stained by VL 
amidoschwarz and destained in 1% acetic acid. 
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Ultraviolet absorption spectra of native BSA (•) 
and denatured BSA ( 4 )> obtained in 0.01 M Tris 
HCl buffer, pH 8.0. 9M urea was used as 
denaturant. The protein concentration was 1.02 
mg/ml. The difference spectrum obtained by 
subtracting the absorbance of native BSA from that 
of denatured is shown in the inset. 
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manually subtracting the UV absorption spectrum of native 
BSA from that of the spectrum obtained in presence of 9M 
urea is shown in the inset of Fig. 6, The difference 
spectrum is characterized with a prominent trough at 288nm 
and a smal1 shoulder at 280nm. These features are 
characteristic of exposure of tyrosine residues from a 
nonpolar interior to polar aqueous environment. The absence 
of any trough at about 292nm which is usually obtained due 
to the exposure of tryptophan is presumably due to the fact 
that both of the tryptophan of BSA are exposed to solvent in 
its native state (Sogami and Ogura, 1973). Secondly, the 
number of tryptophan (two) residues are outnumbered by 
tyrosine (twenty) residues. 
Fluorescence emission and excitation spectra of BSA are 
shown in Fig. 7. The protein under native condition gives an 
emission and excitation maximum at 334nm and 282nm 
respectively. Addition of 9M urea to native BSA produces a 
red shift of about lOnm in the emission spectrum. Further a 
distinct shoulder can be seen around 310nm in the emission 
spectra of denatured BSA which is attributable to tyrosine. 
The absence of such shoulder in the absence of urea suRgnsts 
extensive transfer of energy from tyrosine to tryptophan. 
2. Penaturation of fatted and defatted Bovinq seruw albumin: 
The denaturation of the two albumin preparations was 
studied as a function of urea concentrations in the range of 
80.0 
^ 60.0 
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0 to 9.5M urea. The denature t I on was followoi] by liV 
difference spectroscopy and by fluorescence measurements. 
The profiles are shown in Fig. 8 and 9. Denaturation by UV 
difference spectral technique was followed by measuring 
absorbance changes at 287 to 289nm and by fIuorescence 
technique. The fluorescence changes were monitored at 333 to 
335nm. As mentioned earlier denaturation also produces 
significant red shift in the emission. However, this shift 
was found to be not as sensitive to denaturation as the 
fluorescence intensity at 335nm, The emission spectra in the 
absence and presence of different concentrations of urea is 
shown in Fig, 10. The denaturation plots were redrawn in 
terms of fraction denatured {fd> , These plots are shown in 
Fig, 11 and Fig. 12, Several denaturation parameters 
obtained from these curves are summarized in Tables VI, VII, 
VIII and IX. From the denaturation plots shown in Fig. 11 
and Fig. 12 it can be seen that the transition curve for 
defatted albumin obtained by UV difference spectroscopy and 
fluorescence technique were distinctly different. This is 
one of the classical criteria of showing the eKistence of 
intermediate in the denaturation of protein. In frjct th^ i 
denaturation results obtained by UV difference spectroscopy 
method showed the enistence of a stable intermediate 
occurring at 4-4,8(1 urea concentration. Such intermediate 
was apparently not present in the don.i tur a t ion plot obt^Tirjod 
by fluorescence measurements. Similar results have been 
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Urea induced denaturation profiles of defatted 
BSA (A) and fatted BSA (B) studied by uv 
difference spectrascopy in O.OiM iris llCi buffer, 
pH 8.0. The protein concentration was 1.5-2.1 
mg/ml. 
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.9: Urea induced denaturation profile of defatted BSA 
(A) and fatted BSA (B) obtained in 0.01 M Tris 
HCl buffer, pH 8.0. 
In the Fig. relative fluorescence intensity is the 
ratio of fluorescence intensity in presence of 
urea to the fluorescence intensity obtained in 
absence of urea. Fluorescence intensity was 
measured at 333-33$ nm. The protein concentration 
was 0.035-0.048 mg/ml. 
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LO: Emission spectra of native BSA and BSA samples 
containing different concentrations of urea: a=oM; 
b=2M; c=3.5M,4M;d=4.5M; e=5N; f=6M; g=6.5M; h=7M; 
i=8M and j=9M 
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T3 0.4 
4.0 8.0 
UREA(M) 
Fig.11: Urea induced transition of defatted BSA (4) and 
fatted BSA (• ). Fig.8 redrawn in the form of 
fraction denatured (fd) versus urea concentration, 
fd was calculated by equation 2. Rest details are 
same as in Fig.8. 
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6.0 80 
UREA(M) 
Fig.12: Urea induced transition of defatted BSA ( A ) and 
fatted BSA ( • ). Fig.9 redrawn in the form of 
fraction denatured (fd) versus urea concentration, 
fd was calculated with the help of equation 2. Rest 
details are same as in fig.9. 
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TABLE VI 
DENATURATION DATA OF DEFATTED BOVINE SERUtI ALBl/niN 
OBTAINED BY UV DIFFERENCE SPECTROSCOPY 
CONCENTRATION €287-289 ^ ^^^ *^ *^ D ^ ^D 
OF UREA 
0 M 
0.5 M 
1 M 
1.5 M 
2 M 
3 li 
3.5 M 
3.8 M 
4. 15 M 
4.35 M 
4.65 M 
4. 9 M 
5.2 M 
5.4 M 
5.7 M 
6 M 
6.3 M 
6.6 M 
7 M 
7.3 M 
7.5 M 
7.8 M 
0 
0.033 
0.237 
-0.2 
0.37 
0.068 
0.618 
-1.2 
-1.38 
-1.41 
-1.425 
-1.587 
-2.3 
-1.86 
-2.787 
-2.5 
-2.987 
-3.6 
-3. 12 
-3.59 
-4. 18 
-4.43 
0. Oil 
0.006 
-0.03 
0.05 
-0.055 
0.002 
0. 135 
0.247 
0.281 
0.281 
0.293 
0.323 
0.459 
0.379 
0.555 
0. 496 
0.599 
0.717 
0. 631 
0. 724 
0. 913 
0. 891 
-
-
-
-
-
-
-
0.328 
0.39 
0.39 
0.414 
0.477 
0.848 
0.610 
1.247 
0.992 
1.494 
2.533 
1.71 
2.62 
-
_ 
-
-
-
-
-
-
-
0.664 
0.56 
0.56 
0.525 
0.441 
0.098 
0.295 
-0.131 
0.004 
-0.239 
-0.554 
-0.32 
-O.575 
-
_ 
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CONCENTRAirON €287-289 ^ ^^^ ^'^ "^ D '^  ^ D 
OF UREA 
6.0 M 
8.2 M 
8.4 M 
8.5 M 
8. 6 M 
8.8 M 
9 M 
-4.07 
-4.57 
\ 
-4.54 
-4.97 
-4. 97 
-4.8 
-4. 98 
0.823 
0. 922 
0. 919 
1.005 
1.007 
0. 979 
1.013 
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TABLE VI I 
DENATURATION DATA OF FATTED BOVINE SERUM ALBUMIN 
OBTAINED BY UV DIFFERENCE SPECTROSCOPY 
CONCENTRATtON €287-289 ^ ^^^ fol f^ D ^ ^ I 
OF UREA 
0 M 
0.3 M 
0.5 M 
0.7 M 
1 M 
1.5 M 
2 M 
2.5 M 
3 M 
3.5 M 
4 M 
4.4 M 
4.6 M 
h.e M 
5 M 
5.5 M 
6 M 
6.3 M 
6. 5 M 
6.7 M 
0 
0 
-0.038 
0. 115 
0. 115 
0. 192 
0. 192 
0 
0.231 
-0.002 
0. 154 
0.346 
0.077 
0.346 
-0.269 
+0.269 
-0.653 
-0.333 
-1.56 
-1.542 
0.002 
0.005 
0.015 
-0.009 
-0.02 
-0.02 
-0.01 
0.03 
-0.008 
0.04 
0.02 
-0.01 
0.04 
-0.007 
0. 009 
0. 11 
0. 19 
0. 14 
0. 36 
0. 36 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0. 56 
0.56 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
»0. 34 
U ) . 34 
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CONCENTRATION € 2 8 7 - 2 8 9 « ^^ 
OF UREA 
r3 f d A G D 
7 . 15 M 
7 . 3 M 
7 . 5 M 
7 . 9 M 
8 . 1 M 
8 . 3 M 
8 . 4 5 M 
8 . 7 M 
9 . 1 M 
9 . 3 M 
9 . 8 
1.92 
2.62 
2.87 
3.71 
3.75 
3. 96 
4.44 
4.65 
5.005 
5.047 
5.21 
0. 43 
0.55 
0.6 
0.75 
0.76 
0. 8 
0.86 
0. 92 
0. 98 
0. 99 
1.01 
0.75 
1.22 
1.5 
3 
3. 17 
-
-
-
-
-
_ 
+ 0. 17 
-0. 12 
-0. 24 
-0.65 
-0. 69 
-
-
-
-
-
« 
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TABLE VI I I 
DENATURATION DATA OF DEFATTED BOVINE SERUH ALBUM IN 
OBTAINED FROM FLUORESCENCE MEASUREHENTS 
CONCENTRATION RELATIVE fd Kp A G D 
OF UREA FLUORESCENCE 
O M 
0.5 M 
1.0 M 
1.2 M 
1.5 M 
1.8 M 
2.0 M 
2. 1 f1 
2.3 M 
2.5 M 
2. 9 M 
3, 1 M 
3.2 t1 
3.5 M 
3.8 M 
4.0 M 
4.2 M 
4.3 M 
4.5 M 
4.8 M 
5.0 M 
1 
1 ,006 
0 . 9 9 4 
1 . 0 1 1 
1 . 0 1 3 
1 . 0 2 7 
1 . 0 2 2 
0 , 9 9 8 
1 .026 
1 . 0 2 8 
1 .047 
0 . 9 9 7 
1 . 0 2 2 
1 . 0 1 1 
0 . 9 9 8 
0 . 9 9 7 
1. 0 2 3 
1 .004 
0 . 9 8 2 
0 . 9 5 9 
0 . 9 3 1 
- 0 , 0 0 5 
- 0 . 0 0 8 
0 . 0 2 2 
- 0 . 0 0 5 
- 0 . 0 0 5 
- 0 . 0 2 5 
- 0 . 0 1 3 
+ 0 . 0 3 3 
- 0 . 0 1 7 
- 0 . 0 2 1 
- 0 . 0 4 9 
0 , 0 5 2 
0 . 0 0 6 
0 . 0 3 1 
0 , 0 6 0 
0 , 0 6 5 
0 . 0 1 8 
0 , 0 5 7 
0 , 105 
0 , 155 
0 . 2 1 8 
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CONCENTRATION RELATIVE 
OF UREA FLUORESCENCE 
f d A G D 
5 . 2 5 li 
5 . 5 5 M 
5 . 8 M 
6 . 1 M 
6 . 3 M 
6 . 5 M 
6 . 7 M 
6 . 9 M 
7 . 1 M 
7 . 3 M 
7 . 6 M 
7 . 9 M 
8 . 1 M 
8 . 3 M 
8 . 5 M 
8 . 7 M 
8 . 8 M 
9 M 
0. 937 
0.875 
0.876 
0.779 
0.769 
0.736 
0.712 
0.677 
0.676 
0.642 
0.637 
0.629 
0.614 
0.628 
0.624 
0.609 
0.612 
0.615 
0.209 
0. 34 
0. 349 
0.55 
0.577 
0. 651 
0.705 
0.787 
0.796 
0.875 
0.896 
0. 923 
0. 961 
0. 94 
0. 957 
0. 994 
0. 992 
0. 993 
-
0. 515 
0.536 
1.22 
1.36 
1.86 
2.39 
3. 69 
3.9 
-
-
-
-
-
-
-
-
— 
-
0. 3 9 
0.37 
-0. 12 
-0. 18 
-0. 37 
-0.52 
-0.78 
-0.81 
-
-
-
-
-
-
~ 
~-
„ 
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TABLE IX 
DENATURATION DATA OF FATTED BOVINE SERUtl ALBUfHH 
OBTAINED BY FLUORESCENCE MEASUREMENTS 
CONCENTRATION RELATIVE f d Kp A G Q I K C ^ I ) 
OF UREA FLUORESCENCE 
0 M 
1 ,0 M 
1 . 2 M 
2 , 3 M 
2 . 5 M 
2 . 7 M 
3 f1 
3 . 5 M 
3 , 7 H 
4 M 
4 . 3 t1 
4 . 5 M 
5 f1 
5 . 5 M 
6 . 0 M 
6 . 5 M 
7 . 0 M 
7 . 5 H 
7 . 7 M 
8 M 
8 . 3 M 
8 . 5 M 
8 . 6 M 
8 . 7 M 
9 M 
1 
1,002 
1.007 
1.021 
1.004 
1.024 
1.017 
1.03 
1.006 
1.016 
1,027 
1,026 
0,948 
0.971 
0,912 
0,826 
0, 74 
0.646 
0,652 
0.633 
0.6 13 
0.627 
0.628 
0.628 
0. 649 
0,0096 
0.002 
0, 008 
-0.016 
0.022 
-0.016 
0. 004 
0. 014 
0.037 
0.021 
0 
0. 006 
0- 18 
0. 139 
0.277 
0.48 
0,691 
0, 922 
0, 915 
0. 9 7 
1. 028 
1, 005 
1.009 
1 . 0 1 /» 
0. 97 4 
-
-
-
-
-
-
-
-
-
-
-
-
-
0. 
0. 
0. 
2, 
-
-
-
-
-
-
-" 
_ 
161 
383 
923 
236 
-
-
-
-
-
-
-
-
-
-
-
-
-
1, 
0, 
0, 
-0. 
-
-
-
-
-
-
-
_ 
08 
57 
048 
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obtained earlior (Wollevik, 1973; Khan Qt al,, 1987). 
CompIQxation of BSA with six moles of fatty acids per 
mole of the protein significantly stabilizes the protein 
towards urea denaturation (see Fig. 8, 9, 11 and 12). The 
results were more draraat^ic when the denaturation VIBS 
followed by UV difference spectroscopy. In general the 
denaturation curve is shifted towards higher , uroa 
concentration in fatted albumin as compared with defatted 
albumin. An interesting feature of the denaturation plot:=; 
obtained by UV difference spectroscopy is the complete 
disappearance of the stable intermediate in case of fattod 
albumin (see Fig. 8 and 11). On the other hand denaturation 
plots of defatted and fatted albumin obtained by 
fluorescence measurements were quite similar to each other 
except a slight shift in the curve^ towards higher vjrea 
concentration for fatted albumin (see Fig. 9 and 12). The 
existence of intermediate state in defatted albumin 
presumably suggests that one of the domains of BSA is 
undergoing denaturation before the other two. Since the 
strong binding sites of fatty acids are located in the 
domain 111 it is probable that in fatted albumin this domain 
is stabilized and denatures at about the same urea 
concentration at which the other two domains denature. 
Conversely, this explanation would mean that in the absence 
of fatty acids this domain is less stable than the other two 
domains and hence denatures at lower urea concentration. 
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The free energy of stabilization of defatted and fatted 
albumin preparations was calculated from the denaturation 
data by linear extrapolation method as described in the 
experimental section. The linear plots between ^ G p and urea 
concentration for the two preparations are shown in Fig. 13, 
14, 15 and 16), As usual it was assumed that the linear 
dependence of ^ G D i" ^^'^ transition region continues to 
zero urea concentration (Pace, 1975, and 1906). The free 
energy of stabilization was obtained as intercept after the 
least squares analysis of the data. The least squares 
analysis gave the following straight line equation : 
A Gj) = ^ G D ( H 0) * "' <urea) (5) 
Where m is the slope of the plot and is a measure of 
dependence of Gjy on urea concentration. It has been also 
used for measuring the steepness of the transition. Another 
parameter D%, i.e., denaturant concentration at the mid-
point of the transition was obtained from the plots at 
A C p = 0. The values of ^Gp(i-i Q), D>i and m are given in Table 
^ . The denaturation data depicted in Tables VI, VII, VIll, 
IX and X clearly show that fatted BSA is more stable than 
defatted BSA. Binding of six moles of palmitic acid per mole 
of BSA increases its stability by 1.64 and 1.54 KCals/mole 
as determined by fluorescence and uv difference spectroscopy 
respective 1y. 
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4.0 
0.0 
4.0 8.0 
U R E A ( M ) 
F i g . 1 3 : ' ^ ^ n d e n a t u r e t i o n of defiat tecl BSA as a funcL ion 
of u r e a c o n c e n t r a L l o n u s i n g d a t a of i ' abfe V i . 
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/•.O flO 
U R E A ( M ) 
)f fatted BSA as a function 
of urea concentration using the data of table vit 
Fig.14: -^ ^ D ^ ° ^ denaturation oJ 
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<1 
O.Oh 
»^0 8.0 
U R E A ( M ) 
Fig.15: ^^n f°^ ^^^^ denaturation of defatted. BSA as a 
function of urea concentration using the data of 
Table VIII 
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< 
4.0 0.0 
U R E A ( M ) 
Fig.16: ^ ^n ^°^ ^^^ denaturation of fatted BSA as a 
function of urea concentration using the data of 
table IX. 
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TABLE X 
Stability Data of defatted and fatted Bovine serum 
albumin obtained by Linear extrapolation method 
Technique Protein 
Preparat ion 
'^<^D(H2_0) D* m 
uv difference 
spectroscopy 
Defatted BSA 
Fatted BSA 
3.6 
5. 14 
5.72 
7. 14 
-0.63 
-0.72 
FIuoresence 
Defatted BSA 
Fatted BSA 
5. 16 
6.81 
6. 11 
6.54 
-0. 96 
-1.04 
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It may be noted that calculations of free energy change 
are based on a few simple assumptions notably on the 
assumption that all the denaturation described here are 
simple two state processes. However, it is clear from the 
results that none of the transition is strictly a two state 
transition. Much more rigorous treatments are required to 
get Information about the types of intermediates, their 
concentration and the influence of fatty acids on these 
intermediates. This would constitute part of my future 
s tud iss. 
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